The IUPAC name of Eriochrome cyanine R is Tri-sodium5-[(Z)-(3carboxylato-5-methyl-4-oxo-2, 5-cyclohexadien-1-ylidene) (2-sulfonatophenyl) methyl] -2-hydroxy-3-methyl benzoate. (Molecular formula= C 23 H 15 O 9 SNa 3 , Molecular mass =536.40). It is a red to reddish brown colour solid and soluble in water. It finds use as a redox indicator in analytical chemistry, and as a microscopic stain in biology [1]. It has many analytical applications such as in the extractivespectrophotometric determination of Chlorpromazine [2], estimation of beryllium [3], determination of Fluoride with Zirconium [4], Photometric [5], and Solid-Phase Spectrophotometry determination of trace amounts of aluminium in water [6], and in rapid modified method for determination of aluminum in water [7]. Eriochrome cyanine R film modified glassy carbon electrode is used for selective oxidation of serotonin and norepinephrine [8]. ECR finds application also in the column preconcentration of Aluminum [9], Fluorimetric determination of human serum albumin, in speciation of vanadium (IV) and vanadium (V) in natural waters by solid phase spectrophotometry [10]. The structural formula of ECR is as shown below.
General assay procedure for estimation of gallic acid
In a 10 mL standard flask 7.5 µg/mL vanadium (V) solution, 100 µL of various concentrations of standard gallic acid (0.4-9.0 µg/mL) solution, 100 µg/mL ECR solution and 40 µg/mL of CTAB were added. The solutions were swirled and allowed to stand for 30 min. The absorbance of the reaction mixture was measured at 580 nm with reference to the blank containing all reagents except gallic acid. Similarly 100 µL aqueous extract of medicinal plant, fruit and wine sample were subjected to gallic acid content test as described above. The absorbance of each was recorded at the wavelength of 580 nm.
6.5
Results and Discussion
Spectral characteristics
The absorption spectrum of colored product was measured in a spectrophotometer containing the reaction mixture of 7.5 µg/mL vanadium (V) solution, 100 µL of various concentrations of standard gallic acid solution (4, 6.5, and 9.0 µg/mL) and 100 µg/mL ECR solution and 40 µg/mL of CTAB in the wavelength region 400-700 nm against the reagent blank at room temperature. The optimum wavelength with maximum absorption was found to be 580 nm. The absorption spectra of the colored products are shown in Figure 6 .1 for various concentrations of gallic acid. The intensity of the coloured species at 580 nm increased proportionately with increase in gallic acid concentration. This occurred as a result of the redox reaction involved. Hence 580 nm wavelength was selected for all further studies. 
Optimum reaction condition
In designing the proposed spectroscopic procedure, all the reaction conditions were optimized in order to attain a rapid formation of the complex with maximum stability and sensitivity. This was done by conducting controlled experiments by measuring the absorbance at 580 nm for concentration of the reagents used and other parameters by varying one factor at a time and fixing the others constant.
Effect of reagent concentration
To enhance the performance of the proposed method for the determination of gallic acid, effects of concentration of vanadium (V), ECR and CTAB were studied by using a fixed concentration of GA in 10-mL standard flasks. It was found that 7.5 µg/mL of V (V) were needed for getting maximum color intensity. Hence, 7.5 µg/mL of V (V) was selected for all further studies. ECR (500 µg/mL) was tested in volumes 0.5 to 2.5mL and optimum result was obtained with 100 µg/mL of ECR. Hence, this was used for further experiments. The effect of concentration of CTAB on the formation, sensitivity and stability of the colored species was studied. It was observed that 40 µg/mL of CTAB was found optimum with respect to sensitivity, linearity, and stability of the purple colored species. These optimized concentrations and conditions were adopted for all further studies in 10 mL of the reaction mixture. 
Effect of time and temperature on color stability of colored product
The absorbance of the violet colored species was studied from 0 to 60 minutes at every 5 minutes intervals. The species was found stable for 50 min. Maximum and constant absorbance was obtained between 20 to 50 min. Therefore, 30 min of incubation time was selected for studies.
Temperature sensitivity was determined by pre-incubating 7.5 µg/mL of vanadium (V) solutions, 20 µg/mL of standard gallic acid solution and 100 µg/mL of ECR and 40 µg/mL of CTAB in 10 mL for 30 minute at temperature ranges of 0-60°C. The temperature was registered as a function of absorbance of the colored species at 580 nm. No significant changes were observed in the absorbance value between 20 and 40°C. Hence the reaction was carried out at room temperature (28±5°C).
Study of the reaction route
The reaction route was investigated by studying products of the reaction. 
Interference studies
The effect of common excipients present in the herbal, fruit, and wine sample were studied by analyzing sample solutions containing the 4.5 µg/mL of gallic acid as mentioned in Table 6 .2. The tolerance limit was defined as the concentration which gave an error of ± 3.0% in the determination of gallic acid. The common excipients such as sucrose, glucose, lactose, salicylic acid, benzoic acid, BHT, BHA, ferulic acid, p-coumaric acid, catechin, glycine, Ca 2+ , Cl -, sorbinose and glycol had no effect on the analysis of gallic acid as the tolerance ratio for these were found to nearly 1000. The other exipients interference was as summarized in Table 6 .2 for the determination of gallic acid such as hydrogen peroxide, Fe(III), Cl -, Al 3+ , citric acid, tartaric acid, sulfosalicylic acid, phenol, resorcinol, Mn 2+ , ascorbic acid, phloroglucinol and hydrogen peroxide. Among them Fe (II), hydrogen peroxide, ascorbic acid, phloroglucinol and tannic acid interferes seriously as the tolerance ratio for these species is very less 0.20. ascorbic acid tannic acid
Linearity, precision and accuracy
The proposed method was validated for linearity, precision and accuracy.
Method linearity was established by measuring at least four solutions of gallic acid compound at known concentrations. Each measurement was repeated six times and the mean value was used for calculation of the regression lines. The precision of the method was evaluated by estimating the method repeatability. The method repeatability was investigated by measuring gallic acid for six times at different concentrations. The mean value of the relative standard deviation of the tested solutions covering all the working range was 1.48%. Similarly, the assay for daily precision (inter day precision) at the same concentration level was repeated for 6 consecutive days as presented in Table 6 .3. The reliability and accuracy of the proposed method were further ascertained through recovery studies using the standard addition method by adding different amount of gallic acid to the preanalyzed fruit juice samples such that the cumulative amount after adding the gallic acid did not exceed their linearity range. The mean recovery was estimated to be equal to 100.3±5.5%. as a result of hydrolysis of tannins and is related to the aging/maturation process.
Preparation of herbal extracts
The plant materials collected were dried for 2 h in an oven at 60°C and ground to fine powder form. Powder samples (1g each) were refluxed in 50 mL double distilled water (using air cooled condenser and round bottomed flask) for 1 h using magnetic stirrer and heater apparatus. The refluxed solution was filtered using Whatmann no. 41 filter paper. The aqueous plant extracts were prepared freshly for reliability of the results. However, the assay results did not change even after 48 h storage of the medicinal plant extracts at 4°C.
Preparation of fruit extracts
Fruits collected were cut into half and blended by using a food processor and strained to remove pip, pulp and sacs. The freshly prepared extract was then filtered using Whatmann no. 41 filter paper so that no turbidity was present in the extract. The clear solution of the extract was accurately diluted for proposed method and reference The reliability and accuracy of the proposed method were further ascertained through recovery studies using the standard addition method by adding different amounts of gallic acid to the pre-analyzed samples. The F-test and Student t test values at 95% confidence level confirmed that there were no significant differences between the precisions (variances) of the proposed and reference methods. 
Conclusion
The proposed method has distinct advantages over other assay methods with respect to simplicity, availability and stability of reagents, reproducibility over a wide concentration ranges and the analysis reuires only room temperature condition. Only aqueous extraction is needed and the method is applicable to medicinal plants as well as wine samples. The reagent is fast enough to oxidize gallic acid. It can be used by conventional laboratories using standard equipment like a colorimeter. The total gallic acid content obtained by the proposed method is comparable with the reference method. In this system no sample pretreatment is needed, linearity is maintained over a wide range of concentrations and sensitivity is high. For these reasons, the proposed vanadium (V)-ECR system appears to be a viable method over the reference method.
